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Representative experimental procedures for catalytic formation of 2 and 3, and copies of 'H

and °C NMR of compounds 3a—3g, 2h—2k, 5, 8, and 9.

General experimental details: All commercially available chemicals were used without further
purification. '"H NMR spectra were obtained on Bruker 500 MHz FT-NMR, 360 MHz FT-NMR and
250 MHz FT-NMR spectrometers. °C NMR spectra were recorded at 90.6 MHz. Chemical shifts are
reported in ppm relative to solvent signal. Multiplicity is indicated as follows: s (singlet); d (doublet); t
(triplet); m (multiplet); dd (doublet of doublets). High resolution mass spectra and EI were determined
on a Finnigan MAT 95S and MAT 8200. Flash chromatography was performed with E. Merck silica
gel (43—60 pum). The eluent used is reported in parentheses (P = pentanes). Thin-layer chromatography
(TLC) was performed on precoated glass-backed plates (Merck Kieselgel 60 F,s4), and components
were visualized by observation under UV light or by treating the plates with KMnO,/H,SO, followed
by heating.

All formyl alkynes 1 were obtained following a general approached as described by others.'

! Buisine, O.; Aubert, C.; Malacria, M. Chem. Eur. J. 2001, 7, 3517.
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General Procedures for the Cyclization Reactions

General Procedure 1 (Synthesis of 2h; Table 2, entry 7): A solution of 1h (100 mg, 0.42
mmol) and (c-C¢Hi;)(i-Pr)NH (20 mol %, 12 mg) in CDCl; (0.4 mL) was added to
[(PhsPAu);O]BF,4 (7.5 mol %, 45 mg), and the reaction vial was sealed, protected from light,
and stirred at 70 °C for 18 h (until "H NMR analysis of the reaction mixture indicated
complete conversion). The mixture was concentrated under reduced pressure. Purification of
the residue by flash chromatography on silica gel (pentanes/EtOAc 95:5) gave 2h as a
colorless oil (71mg, 0.30 mmol, 71%). Ry = 0.48 (pentanes/ EtOAc 90:10).

General Procedure 2 (Synthesis of 3a; Table 1, entry 5): A solution of 1a (90 mg, 0.40 mmol)
and (i-Pr),NH (20 mol %, 8 mg; added as a 0.1 M stock solution) in CDCl; (0.4 mL) was
added to a mixture of AgSbFs (11 mg, 10 mol%) and PPh;AuCl (16 mg, 10 mol%), and the
reaction vial was sealed, protected from light, and stirred at 70 °C for 6 h (until TLC analysis
of the reaction mixture indicated complete conversion). The mixture was concentrated under
reduced pressure. Purification of the residue by flash chromatography on silica gel
(pentanes/Et,0O 70:30) gave 3a as a colorless oil (74 mg, 0.33 mmol, 82%). Ry = 0.2
(pentanes/ EtOAc 60:40).

Compound Characterization Data

Dimethyl 3-formyl-4-methylcyclopent-3-ene-1,1-dicarboxylate (3a)

'H NMR (360 MHz, CDCls): 6 = 2.14 (s, 3 H), 3.23 (s, 4 H), 3.74 (s, 6 H), 9.93 (s, 1 H); °C
NMR (90.6 MHz, CDCls): 6 = 14.0, 38.8, 47.8, 53.2, 56.8, 135.2, 157.5, 171.9, 187.2; LRMS
(ED): 226 (35%) [M'], 195 (46%), 168 (100%), 135 (93%), 107 (98%), 79 (76%); HRMS
226.0840 [226.0841 calcd for CH 405 (M)].

4,4-Bis((tert-butyldiphenylsilyloxy)methyl)-2-methylcyclopent-1-enecarbaldehyde (3b)
"H NMR (360 MHz, CDCl3): 6 = 1.03 (s, 18 H), 2.00 (s, 3 H), 2.42 (s, 2 H), 2.45 (s, 2 H),
3.58—3.66 (m, 4 H), 7.20—7.36 (m, 8 H), 7.38—7.44 (m, 4 H), 7.59—7.66 (m, 8 H), 9.91 (s, 1
H); *C NMR (90.6 MHz, CDCls): 6 = 14.4, 19.5, 27.1, 36.1, 46.0, 47.7, 66.8, 127.8, 129.8,
133.6, 133.7, 135.8, 136.9, 160.8, 188.2; LRMS (EI): 589 (50%) [M'-C4Hs], 333 (32%), 257
(21%), 197 (37%), 135 (100%), 91 (28%); HRMS 589.2600 [589.2594 calcd for C37H4;05Si1
(M"-C4Ho)].
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4,4-Bis(methoxymethyl)-2-methylcyclopent-1-enecarbaldehyde (3¢)

'H NMR (360 MHz, CDCl3): § = 2.10 (s, 3 H), 2.41—2.44 (m, 2 H), 2.47—2.51 (m, 2 H),
3.22—3.29 (m, 4 H), 3.30 (s, 6 H), 9.96 (s, 1 H);?C NMR (90.6 MHz, CDCl5): 0 = 14.4, 36.8,
44.8, 46.7, 59.4, 76.6, 136.6, 160.4, 188.3; LRMS (EI): 198 (4%) [M'], 153 (67%), 137
(25%), 121 (47%), 45 (100%); HRMS 198.1257 [198.1256 calcd for C;H;305 (M))].

4,4-Bis(benzyloxymethyl)-2-methylcyclopent-1-enecarbaldehyde (3d)

'H NMR (360 MHz, CDCl3): 0 =2.09 (s, 3 H), 2.50 (s, 2 H), 2.53 (s, 2 H), 3.37—3.44 (m, 4
H), 4.51 (s, 4 H), 7.24—7.36 (m, 10 H), 9.96 (s, 1 H); >C NMR (90.6 MHz, CDCl;): 6 = 14.4,
36.9, 45.0, 46.9, 73.4, 73.8, 127.6, 127.6, 128.4, 136.7, 138.7, 160.5, 188.3; LRMS (EI): 350
(6%) [M], 259 (10%), 229 (23%), 121 (15%), 91 (100%); HRMS 350.1884 [350.1882 calcd
for Cy3H,603 (MH)].

4,4-Diacetyl-2-methylcyclopent-1-enecarbaldehyde (3¢)

'H NMR (360 MHz, CDCl;): 6 = 2.12 (s, 9 H), 3.10 (s, 4 H), 9.87 (s, 1 H); *C NMR (90.6
MHz, CDCls): = 14.1, 26.4, 35.4, 44.4, 71.2, 134.9, 157.7, 187.3, 203.6; LRMS (EI): 151
(50%) [M"-C,H;0], 123 (11%), 109 (21%), 81 (26%), 43 (100%); HRMS 151.0758
[151.0759 caled for CoH; 10, (M-CoH30)].

Ethyl 1-cyano-3-formyl-4-methylcyclopent-3-enecarboxylate (3f)

'H NMR (360 MHz, CDCls): 6 = 1.34 (t, J = 7.2 Hz, 3 H), 2.19 (s, 3 H), 3.14—3.44 (m, 4 H),
429 (q, J =72 Hz, 2 H), 9.95 (s, 1 H); >C NMR (90.6 MHz, CDCls): = 14.0, 14.1, 42.2,
43.8, 49.8, 63.6, 120.2, 134.4, 156.1, 168.4, 186.5; LRMS (EI): 207 (10%) [M], 189 (8%),
134 (100%), 106 (36%), 79 (27%); HRMS 207.0897 [207.0895 calcd for C;;H;3NO3 (M")].

3-Methyl-1H-indene-2-carbaldehyde (3g)

'H NMR (360 MHz, CDCls): 6 = 1.57 (t, J = 2.3 Hz, 3 H), 3.64 (d, J = 2.3 Hz, 2 H),
7.38-7.45 (m, 2 H), 7.52-7.55 (m, 1 H), 7.58-7.60 (m, 1 H), 10.24 (s, 1 H); >C NMR (90.6
MHz, CDCls): 0 = 10.9, 35.9, 121.8, 124.7, 127.1, 129.3, 139.7, 144.5, 144.9, 156.0, 187.3;
LRMS (EI): 172 (52%) [M'], 143 (74%), 128 (100%), 115 (30%).; LRMS (EI): 158 (77%)
[M], 130 (73%), 129 (100%), 115 (60%).; HRMS: 158.0731 [158.0732 calcd for C;;H,00
(M)].
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Dimethyl 3-formyl-4-methylenecyclopentane-1,1-dicarboxylate (2h)

'H NMR (250 MHz, CDCl3): § = 1.26 (s, 3 H), 2.23 (d, J = 14.0 Hz, 1 H), 2.92—3.07 (m, 3
H), 3.73 (s, 3 H), 3.74 (s, 3 H), 4.95 (app. t, J =2.2 Hz, 1 H), 5.22 (app. t, /= 1.9 Hz, 1 H),
9.29 (s, 1 H); °C NMR (90.6 MHz, CDCLy): J = 21.8, 40.5, 41.2, 53.1, 53.1, 56.9, 58.1,
110.9, 149.5, 171.7, 171.9, 199.8; LRMS (EI): 239 (1%) [M'], 209 (19%), 180 (18%), 152
(95%), 93 (100%); HRMS 209.0815 [209.0814 calcd for C;H;304 (M -CH;0)].

4,4-Bis(methoxymethyl)-2-methylenecyclopentanecarbaldehyde (2i)

'H NMR (250 MHz, CDCl3): 6 = 1.25 (s, 3 H), 1.46 (d, J= 14.2 Hz, 1 H), 2.18 — 2.41 (m, 3
H), 3.22 — 3.24 (m, 4 H), 3.32 (s, 3 H), 3.34 (s, 3 H), 4.87 (app. t, J = 2.1 Hz, 1 H), 5.12
(app. t, J = 2.0 Hz, 1 H), 9.32 (s, 1 H); °C NMR (90.6 MHz, CDCl;): 6 = 22.5, 39.0, 40.3,
46.1, 56.9, 59.3, 59.4, 76.1, 76.2, 109.9, 152.7, 201.0; LRMS (EI): 212 (1%) [M], 180 (5%),
180 (18%), 152 (8%), 119 (50%), 107 (100%).

4,4-Bis(benzyloxymethyl)-2-methylenecyclopentanecarbaldehyde (2j)

"H NMR (250 MHz, CDCl3): 6 = 1.22 (s, 3 H), 1.53 (d, /= 14.1 Hz, 1 H), 2.25 — 2.48 (m, 3
H), 3.39 (m, 4 H), 4.50 (s, 2 H), 4.51 (s, 2 H), 4.85 (app. t, J = 2.1 Hz, 1 H), 5.10 (app. t, J =
1.9 Hz, 1 H), 7.27 — 7.37 (m, 10 H), 9.29 (s, 1 H); *C NMR (90.6 MHz, CDCl;): d = 22.5,
39.1, 40.5, 46.3, 56.9, 73.3, 73.3, 73.4, 73.6, 109.9, 127.5, 127.6, 128.4, 138.8, 152.7, 200.9;
LRMS (EI): 364 (1%) [M'], 273 (10%), 107 (35%), 91 (100%); HRMS 273.1489 [273.1491
calced for C7H,,03 (M"-C7H5)].

2,3-Dihydro-2-methyl-1-methylene-1H-indene-2-carbaldehyde (2k)

"H NMR (360 MHz, CDCl;): 0 = 1.42 (s, 3 H), 2.82 (d, J=16.8 Hz, 1 H) 3.53 (d, J=16.8
Hz, 1 H), 5.03 (s, 1 H), 5.71 (s, 1 H) 7.20—7.29 (m, 3 H), 7.46—7.50 (m, 1 H), 9.41 (s, 1 H);
C NMR (90.6 MHz, CDCl3): 6 = 10.9, 35.9, 121.8, 124.7, 127.1, 129.3, 139.7, 144.5, 144.9,
156.0, 187.3; 172 (52%) [M'], 143 (74%), 128 (100%), 115 (30%); HRMS: 172.0889
[172.0888 calcd for C1,H;,0 (MY)].

Dimethyl 5,6,7,7a-tetrahydro-3-methyl-4-oxo-2 H-indene-1,1(4H)-dicarboxylate (5)

'H NMR (360 MHz, CDCl;): § = 1.11-1.22 (m, 1 H), 1.70-1.83 (m, 1 H), 1.99-2.23 (m, 6
H), 2.42-2.48 (m, 1 H), 2.77 (d, J = 18.4 Hz, 1 H), 3.10 (d, J = 18.4 Hz, 1 H), 3.68-3.71 (m,
1 H), 3.72 (s, 3 H), 3.75 (s, 3 H); >C NMR (90.6 MHz, CDCls): 6 = 15.9, 23.6, 27.7, 40.8,
46.3, 52.1, 52.4, 52.9, 62.1, 132.1, 149.6, 170.9, 171.9, 199.3; LRMS (EI): 266 (54%) [M'],
206 (70%), 147 (100%), 119 (26%); HRMS: 266.1153 [266.1154 calcd for C14H;305 (M")].
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Dimethyl 4,5,6,6a-tetrahydro-3-methyl-4-oxopentalene-1,1(3aH)-dicarboxylate (8)

'H NMR (360 MHz, CDCls): 1.46-1.55 (m, 1 H), 1.77-1.78 (m, 3 H), 197-2.07 (m, 1 H),
2.18-2.24 (m, 2 H), 3.27-3.29 (m, 1 H), 3.58-3.65 (m, 1 H), 3.67 (s, 3 H), 3.72 (s, 3 H),
5.49-5.51 (m, 1H); >C NMR (90.6 MHz, CDCLs): 6 = 14.7, 24.0, 38.6, 45.1, 52.5, 53.0,
61.4, 69.3, 124.3, 142.4, 170.2, 170.7, 215.2; LRMS (EI): 252 (62%) [M'], 193 (100%), 164
(62%), 105 (60%); HRMS: 252.0998 [252.0999 calcd for C;3H 405 (M")].

5-Methyl-2-0xa-tricyclo[5.3.1.01’5]undec-3-ene-6,6-dicarboxylicacid dimethyl ester (9)

'H NMR (360 MHz, CDCls): § = 1.32-1.40 (m, 1 H), 1.41-1.51 (m, 1 H), 1.53-1.63 (m, 2
H), 1.65-1.74 (m, 1 H), 1.80-1.86 (m, 1 H), 1.91-1.99 (m, 1 H), 2.36—2.41 (m, 1 H),
2.79-2.82 (m, 1 H), 3.71 (s, 3 H), 3.74 (s, 3 H), 4.01-4.03 (m, 1 H), 4.73 (t, /= 2.3 Hz, 1 H),
6.21 (t,J=2.3 Hz, 1 H); *C NMR (90.6 MHz, CDCLs): 6 = 19.9, 27.7, 34.6, 42.7, 43.4, 52.2,
52.6, 53.4, 66.6, 93.3, 101.0, 146.2, 170.6, 170.7; LRMS (EI): 266 (81%) [M'], 234 (100%),
206 (95%), 134 (82%); HRMS: 266.1156 [266.1154 calcd for C14H ;305 (M")].

Key COSY, HMBC, and NOESY correlations of 9 are given in the illustration:

N

MeOZC

COZMe

— COSY X = C(CO,Me),
~— HMBC (H—C) ¥\ NOESY



eoPLZ—

8622°¢

QEYL'E —

S6

8526'6 —

Tgozoc)

Fo
ol
L LELOP

[9EvE'9

=
<

5.0

6.0
(ppm)

7.0

8.0

,9'0‘

00004

£966°C)L —

GEBLBE —

eEVR' LY —
P6LE'ES

9081°GEL ==

9GS LS

0SPE™LLL -

¢s0e 481

TR

T

T

10

20

AR R

m

SULLALLAEERLARES
60

LI

Ty

e ‘8:0‘

TITT

TIETTiTe
100
(ppm)

LA NN AU RR LRI N EaRRY

"

I

1

L RRR LR

160 150 -

SRR11

TITITRTI e

40 30

50

70

90

1301 1200 110

140

180 170

190



¥L20)

L666') ——

9ver'T
LISYT

098G°€
LELG'E—
6829°¢ :._”..m
0959°€ —=

S7

LUV A,
8EEC. —=
p16E°L wu
9€8€",
088¢"L \
8E0Y "L
06Z¥'L
0£09°L
18LYL
1S29L |
20v9°L

“

|

| ) W

t!
JVL,A._ A

e —

OTBDPS
OTBDPS

Me
3b

OHC

e

T 6690°€ |-

89807 |

Al

/oesL's

Thigoy

\281E'8}

{5018l |

3.0 20

40

50

8.0

9.0

1.0

6.0

7.0

(ppm)

PreEr L —
L8196 —

£050°L8 —

ELL079E —

S066'SY —_
9LEL LY ——

ore8'99 —

6508°221 ——
2151621~
9269'€E) ——
0L6L°GEL
06€6'9€ 1

VLLLO9L —

¥

Eo
<
=)
N
to
-
o
=<
EO
w
o
©
O
o=
o
- o
to
“9
ES
~O
=
O
e
s
2=
=N
H1
EQ
-
= -
=
-
= -
re
oII5
-
=)
]
‘.1
Lo
=~
S
Fo
-]
”1
=]
=
w|.1

(ppm)



S8

cLoLe -
EroL'e

68L1'Z
ovey'z |
062¥'Z
WYz
L28%°C
GLe'e -
Y5226 —z
00sg e

¥BSZ'E

OP8Z'E -
00EEE -

Me

OHC

OMe

OMe

3c

.
T4 ] 00 5 WY

/18z1el

€602+

.. <

18422
Zre0T |
L0850+

‘o

P =+

o

S

o

[{=]

] o

P~

2

L oo

=

o

(ppm)

vy vl

6¢9L°9¢

9644 by
GE89'Oy

crBess

yG9L6°9L -

G6€9'9EL —

£LS€°09) ——

LeBe 88l

(ppm)



S9

\_ _,
P <=
L9802 —— el GLPLEL N
12692 — e Bt ;
LL6P'C —} e =
1€€6°2 —= s :wwmv v

BVLEE ELEOSY —,

s SRS

20

TITTrrrrrTTys

30

GZL6'9E e cmed

TITTTITTTSY

40

BBEE L —m 0 e i r— vmmv.v r osegoy—— T =

LOLPE ‘ i
LYEr'E

0LISY— i 6981y - S0LE'€L —,

0OBn

Me
OBn
3d
6.0
(ppm)

70

889G°L8) —— —

50

60

AU R R AR R R R

70

$9Z8'€L — e ——

it

80

90

FYTITITTY

100
(ppm)

TETTTITaaTsy

TITTTTsY

110

120

TTTTTTTITIesT

\
m
vmmm._n.-.- -\..Nw,ro? 3%.&1,.
1042 L R A

M~~~

HeRRLS S8LLgEL -/

95091 —

29666 —— — q,...,oooo._ E 20L2'881 -

130

TITTTTITEY T Y

140

220eL i #199'9¢L e

150

TITTTT T yeesTrrrrraTasTy
180 170 160

TS




EroL'e —

$10

Me
Me

OHC
Me

3e

A

mmw,h@_

. PB0p}

2.0

3.0

4.0

0000°L +

(ppm)

2690Vl —

GGLE'9C

GELY'GE — N

L0V VY —

98l L —

40

20

60

0L98°FEL

vl iGL —

9262 L8 —

04¥9°€0C —

80

160

180

100
(ppm)

120

140

200



—= esTy|

9860}

4.0

5.0

8.0

9.0

10.0

(ppm)

0ES6°EL
1690°7L

LA -
£08L'EY—

LEBL'6Y —

. 09£9°€9 -

€cLeoct

60LEVEL —

L2LO'9G)

LBy 88l ——

yLyG o8l

J=
= N

$F
=
o
mn.O
ey Y
pe— Mw0
Mns
= O
= <O
=)
i 2
muo
- 0
=]
-
K=
= =
-
£ o
e
.l¢1
o
|||I|.mu2
.vnl
=]
—
E
=)
g
.1
=]
Y]
.1
2=
—©
H1
E
”1
=
~ o0
534

(ppm)



€866°C -
9v9S6°¢
604SC

6£E€9'E
96E9°¢

S$12

58.€')
676E°L -
0002
Y60’
681t/
9vey L
L6SYL
el
Zves'L
08€5L
90¥5 '

€9VGL
92954
6525 'L

8785
8685, !
19667,
26657,

99e2'0l

v —

——

9

o

o~
IBLL'E

=

(3]
LVEL'Z

9

=

=

w

o

©0

o

P~
09207
61660
0020'} -

=

w©

o

.

2

e
0000'L

(ppm})

£0v6°01

2206°5E

vEL8 Lel
6YELVEL
8L90°Lc)
sovZect

0589'6€L

ve6v vl
6968 vl

LE26°GS1

eGre L8l

et

200

180

20

40

60

80

100

120

140

160

(ppm)



. 9Z9Z')L

MTT
800EC
Lv26T
€086 |
€166
2900°€ |
$S50€ |
9€90°€ -~
6L20°€

SVEL e —
BLPLE

6V
LUPE'Yy
9GS6'Y i
85LZ'S
LOAAE
0Lecs -

06826 ——

(ppm)

COzMe
7.0

2h

o

M
M602C

™

OHC

N

9128'1Z — 3
0L8¥°0% :
BLIZIY = 3
26£0°€S - E
BYPL €S
/G895 :
8EVL 85— 3
yZOBOLL —— — 3 m
pIySEpL : W
8269 LLL e 3
SGI8'LLL E
195166l W £

=

80 60 40 20 0

100

(ppm)

180 160

200



98¥T L
GOEY'L

L8Vl
L08L'C
068LC
8.61L°C
°svee
PESCT -
692°C
09ze'e
cLveT
9sor'e -

i b

0BLZE -
592CE
91£2°¢ |

99£T°€ |

ISLEE

PIEEE

98'¥
L8'F

v2e8y [

9LLL'G
e6LL'S -
L'

SLLE'S

<
o~

3.0

4.0

. e 2 vevnet L.
st

Me
OHC
OMe
OMe
2i
i
|
|

6.0

7.0

8.0

9.0

(ppm)

998122

yE0068
68LE°0F

00178t

¢eL8'9S
LBVE6S -
L80¥6S

0S609L — _

SLGL9L

8516601

€169'¢Sl

i

i

|
4

,20, v

60

80

100
(ppm)

120

40

180 160 140

| 200



20

40

60

m

¥EZT L H

8205 . = 7

e gy “ = L0GY 22 ___ 2

VESTT ) \ 3

€292'C ! = k.,.w..s..._ 0401 M»

mwmm.w i ! i 7860 6€ .

SOEET ! . S PSS oY —1

gisce | . 28ve9y 3
o LAVE

9LIyT = 8 :

! 2058°95 -

3 :

i o %

, j e LE2EEL g

806€°€ il 1 826C°6L — g

LOPYPEL FRSA——

, 91.5¢L 3

2 4

: < -3

“ i

| =

9108y e Y m

0ELS'Y | = m
78y et 0800°) ]

ey | et 2 8 | 3

€098y 1 & e £Q20°L 8616601 —g

Z560'G © - 3

120L'S o 3

601G s m

° o pEVS L2l S

o © 925421 3

= 0SEY'921 i

g 9€8.°8E1L PR,

o E

w

H

| e VB9 ZSL 3

mwwmm — eI 2204 w

SOLEL i u

882€ L W

GG9E°L - :

-

i

= E

. :

L6826 e 0000°} : 90¥6°00¢ xllllw

jesfisquy M

160 140 120 100 80
{ppm)

180

200




9yl

996.°C -

£eY8’e

L91S°¢
£€96'¢

LEEO'S

680L'G -

soles
€522'L

91ETL
gvez L

SOre L

L9z L
VEST L

6€L2°L
LLLT L
0682°L
(44T

008¥'L -

066%°L

EOLY'6 -

CHO

2k
80

1.0

2.0

3.0

4.0

5.0

6.0

7.0

<
o

(ppm)

66S1°1¢

Gevoee

18G9'LS

0vLL°901

vLLELEL
LL6P'S2L
L082°L2L
296v'6CL

£0Ce6eL
09i8°cvl

aZysLsL

€LLL66)L ——

40 20

60

160 140 120 100 80
(ppm)

180

200




1867
968¥°L
806¥L
861G°L
IAZAH]

PLS6G°L -

0cLL’)

2816} -

LT66°L
¥866'L
2600°C
86L0°C
LE€0°C
cev0T
86602
25907
8Lz
8€81°C
££02°¢
8Zlee
6L22°¢
8vee'e
98€¢'2

€CLC'C
£06&€

c0sle
ZL09°¢
1809°C
0229°¢

68¢9°¢C -

€059
9649'¢
82ZLE

8561'S
066t'S

e i

ZZ9L'} |

88ed’e
yorLL
99681

LOLO"L
evelL

80£6°Z |

2SiLE

0000"L

1.0

0.0

0.5

2.0 15

2.5

3.0

35
{ppm)

4.0

4.5

5.0

7.0

GEEL VL

P6L0vT

9G6.6'8¢€

8490°Gy
6681°CS
£196°2S

0EEY'LY
€62€'69

oLyevel

vieyerl

048L°041

8649041 -

S0GL°GLe

200

20

40

60

80

100

120

140

160

180

(ppm)



LSLLL
Syl
POSL°L
89171 |
68171 |
SLITZ'L *

0.5

$02Z'L
£869°L ==l 6578°S1 P
L2021 = 960E°L

Ve 0685'€Z SR— |
0LZL'L _ 6¥89'22 4
SeeL L | s

eryLL ——y

69041
_

1.0

1.5

g Geri'L 6L 0
e sore oy o
| ki . €e0L'es S
Si8Ll =% 05v8S e |
ToesT _ 208825 ‘
9808t f .” ¥evs 0
2018} _
6128'L Aot
L0E8'L _
NOQQ.P : . . o~ — LR A
8166'L = 00001
cl00'¢C
19102
6v20C e
WMMWM - _ 3 L9z22°¢t
gaaz velo'e
1290°¢C
648077 L
AR |
(0] 4 e
86G1°C
8LLL'T
8941°C y .
8881°C 80 CEL
vace s
aozr ¢ | S500%6YL e
8Lev'e
LEIY'T
yeor'e
€OL¥'C
Levl'e |
1664°C
1290°E
cgLLe.
cl89'c
G/89°E
8€69'¢
yLoL'e
oleL’e
LEGL'E

2.0

25

81129 S—

3.0

5.0 45 4.0 3.5
(ppm)

5.5

6.0

81987041 ——
€6E8°LLL

6.5

£82e'661 ==

7.0

: LR

7.5

AN ey

160 140 120 100 80 80 40 20
{opm)

180

200




SOve'L
194€°1
£68¢° L
0L0¥°L
8SL¥ L
6SeY |
FAZ

Yovy'L -

corylL
€657
189l
LO8Y'L
688¥'L
86y’ L
990S°L
8925'L
ZEPSL
LC9S5'L
€285’}
0c6S’L

€919} -

oreg’l
$059°L
859971
9089'L
686971
€0ZL'L
¥Z19'L
85E8"L
yoo L
LP98 L
16061
1226°L
G8E6'L
GGGH'L
6L46'L
6886°1
9GE0°Z
£66£7
2292

LBOET -

192€°C

€98E°C -

LE6E'T
000v'¢
€90v'C
ceLre
0L64¢
LB6L'C
L1182
00e8e
850L°C
€LELE
6410F%
6L2L7
reELy
SOvL'v
L0029

42029 -

S

09LZ'L |
8LLL°L
‘19z1z|
68621 |
,CNNQFW
Z160°s |
21601 |
L0LO'L |
peYLE
£901°€

181071

62960

|

0000'} |

0.0

=

-~

5.0 4.0 3.0 20

(ppm)

6.0

7.0

8.0

jeabojy) |

9.0

10.0

,.
[
|
m
|
|
W
m

661661

1821'12 —

LPi9ve
90¢9°Cy
SYoE'ey
08GL°CS
S6€9°CS
20S€°eS

8v09°99

02eees
¥8S6°00L

RN A 48

6085041 -
S6LL0LL

oy

20

40

60

140

160

100 80

(ppm}

120

180

200



BCIII79F1 S20
cscosy CDCI3 {C:\u} akbach 16

*** Current Data Parameters ***
NAME : bciii79f1
EXPNO : 11
PROCNO 1

. . es-((PPM)

— 6.4




BCIII79F1
cshmbc CDCI3 {C:\u} akbach 16

S21

** Current Data Parameters ***

NAME : bciii79f1
EXPNO : 13
PROCNO : 1
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